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Selective use of the intensive care unit after 
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Purpose: The purpose of this study was to determine whether the institution of a clinical 
protocol combining 6 hours ofrecovery oom observation and guidelines for intensive care 
unit (ICU) admission would allow selected patients to be safely transferred directly to a 
surgical floor after nonaortic arterial reconstruction. 
Methods: After a clinical pathway was formed, 134 consecutive patients undergoing 154 
nonaortic arterial operations were prospectively enrolled in this study. Patients requiring 
ICU care and the responsible factors were identified. Comparisons of risk factors and 
demographics were made between those patients who did and did not require ICU care. 
Results: Twelve (7.8%) patients pent a total of 27 days in the ICU (range 1 to 11 days). 
As per our guidelines four patients were transferred to the ICU for invasive monitoring, 
and four were sent o the ICU because ofrefractory hemodynamic instability or arrhythnüa 
in the postanesthetic recovery room. An additional four patients were transferred to the 
ICU after having been on the surgical floor for 24 to 72 hours because of the following 
perioperative complications: prolonged chest pain (one), pneumonia (one), heart failure 
(one), and graft occlusion requiring a urokinase infusion. Patients admitted to the ICU 
were more likely to have heart disease (p = 0.02) and to have had an operation other than 
carotid endarterectomy (p = 0.04) than those who were not. The 30-day mortality rate 
was 1.4%. 
Conclusions: The implementation fa clinical protocol similar to the orte used in this study 
will allow many patients undergoing nonaortic vascular surgery to avoid the use of the 
ICU. This approach will conserve hospital and financial resources without adversely 
affecting patient morbidity and mortality rates. (J Vasc Surg 1996;24:235-9.) 
The last decade has seen the development of 
sweeping changes in the health care field. Physicians 
and hospitals are now being challenged to deliver 
cost-effective care without compromising clinical 
outcomes. It has become apparent that resource allo- 
cation and the ability to match the l vel ofcare to the 
needs of the individual patient are important steps in 
achieving this goal. 
The ICU uses highly trained personnel who are 
able to deliver specialized treatment to a limited num- 
ber of patients. By nature this form of care requires 
substantial resources and is more costly than similar 
care delivered elsewhere. In many hospitals through- 
out the country intensive care units (ICUs) routinely 
function at or near full capacity. In these institutions 
critical care beds are considered a valued commodity, 
and their appropriate use is of the utmost importance. 
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Traditionally, patients undergoing all types ofvascular 
surgical procedures have been cared for in the ICU 
during the initial phase oftheir postoperative conva- 
lescence. Direct aortic reconstruction routinely pro- 
duces significant hemodynamic changes that require 
invasive monitoring and intervention i an ICU set- 
ring. In contrast, carotid endarterectomy, extraana- 
tomic bypass, and infrainguinal reconstruction often 
cause minimal physiologic derangement. After these 
operations patients most orten need ctiligent monitor- 
ing rather than active care) -4 This led us to hypoth- 
esize that most patients undergoing a variety ofvascu- 
lar reconstructions did not require the resources avail- 
able in the ICU. To test this premise we began a 
prospective study in which patients were selectively 
rather than routinely admitted to the ICU after un- 
dergoing nonaortic vascular operations. 
METHODS 
A multidisciplinary committee comprising repre- 
sentatives from vascular surgery, nursing, and hospital 
administration developed the following clinical pro- 
tocol for patients undergoing nonaortic arterial sur- 
gery. Patients requiring indwelling pulmonary artery 
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catheters were moved to the ICU after a briefperiod 
in the postanesthetic recovery room (PARU). The 
rcmaining paticnts were sent to the PARU for an 
extended ó-hour stay. In the recovery room those 
patients with hemodynamic instability, chest pain un- 
responsive to sublingual nitroglycerin, or respiratory 
distress with an oxygen saturation of less than 92% 
were transferred tothe ICU as were patients requiring 
prolonged infusions of intravenous vasoactive or 
antiarrhythmic drugs. Those who appeared clinically 
stable after 6 hours were placed in monitored beds on 
the surgical floor. Here, nursc/patient ratlos were 
1:4, and vital signs »vere taken at 2-hour intervals for 
12 hours. After this time cardiac monitoring was 
discontinucd, and patients received routine postop- 
erative nursing care. 
Preoperative cardiac tesung other than resting 
electrocardiography was not routinely obtained. Pa- 
tients with unstable angina, recent congestive heart 
failure, or changes on their electrocardiogram were 
referred to cardiologists for further evaluation. Pa- 
tients undergoing elective procedures were admitted 
on the day ofsurgery. Carotid endarterectomies, axil- 
lofemoral bypass grafts, and infrainguinal bypasses re- 
quiring the harvesting of arm veins were performed 
with the patients under general anesthesia. All other 
operations were conducted with the patients untier 
regional anesthesia. Arterial pressure lines were placed 
at the discretion of the anesthesiologist and were re- 
moved before the patient was transferred tothe surgi- 
cal floor. Perioperative hypertension was aggressively 
treated with a combination of sublingual calcium 
blockers (nifedipine 10 to 20 mg every 4 hours) and 
topical nitrates (transdermal nitroglycerin 0.2 to 0.4 
mg/hr).  Parenteral ntihypertensives were used only 
ifthe previously mentioned regimen failed to control 
the blood pressure. Electrocardiograms were not rou- 
tinely obtained in the recovery room. Patients with 
chest pain were monitored for 24 hours with repeat 
electrocardiography and serial cardiac enzymes. 
Before this protocol was implemented, a program 
of nursing education was initiated. Nurses on the 
surgical floor were given 30 hours ofdidactic lectures 
supplemented with reading handouts. The course 
material consisted of arrhythmia recognition and 
treatment, advanced cardiac life support, and special- 
ized care of the patient with vascular complications. 
This material included the basics of the vascular and 
neurologic examination and the use of the handheld 
Doppler scanner. Instruction was provided by the 
nursing service and members of the medical staff. 
The records of all patients entering this clinical 
protocol were reviewed. Patient demographics, pre- 
operative risk factors, and clinical outcomes were 
noted in all cases. Reasons for transfer to the ICU 
from both the recovery room and the surgical floor 
were recorded. Comparisons were made between 
those patients who required ICU care and those who 
did not. For statistical purposes all procedures were 
analyzed scparately. Categoric factors were analyzed 
with the Z 2 test and Fisher's exact est, and Student's 
ttest was performed to test for differences inthe mean 
level of specific factors. Statistical significance was 
assumed when p < 0.05. 
RESULTS 
Bctween October 1994 and May 1995 the au- 
thors performed 154 consecutive nonaortic arterial 
reconstructions a solitary procedures on 134 pa- 
tients. Fifty-nine percent of the patients were male, 
and 41% were female. Their ages ranged from 46 to 92 
years (mean, 71.5 years). Seventy-two percent of the 
patients were being treated for hypertension, 34% had 
a clinical history of angina, heart failure, myocardial 
infarction, or open heart surgery, and 29% had diabe- 
tes. Forty-nine percent of the patients moked 20 or 
more cigarettes per day. 
Seven patients were referred for cardiac evaluation 
before surgery. One patient with angina underwent 
cardiac atheterization, which demonstrated two-ves- 
sel coronary disease. A pulmonary artery catheter was 
placed before carotid endarterectomy was performed. 
He underwent successful coronary bypass 48 hours 
latcr. Two patients with congestive heart failure were 
found to have ejection fractions ofless than 30% and 
were also monitored with indwelling pulmonary ar- 
tery catheters during and after surgery for lower ex- 
tremity ischemia. Four additional patients with new- 
onset chest pain or abnormal electrocardiographic re- 
sults were found to have insignificant cardiac disease 
after further evaluation with thallium-persantine 
stress testing. 
Procedures included 77 lower extremißr revascu- 
larizations, 72 carotid endarterectomies, three opera- 
tions for peripheral aneurysms, one renal artery re- 
cons~uction, and one upper extremity arterial revas- 
cularization (Table I). Indicatäons for surgery in 
patients undergoing lower extremity revasculariza- 
tion included ischemic rest pain in 30 patients, claudi- 
cation in 21 patients, nonhealing ulcer in 14 patients, 
and gangrene in 12 patients. Indication for carotid 
endarterectomyincluded äsymptomatic stenosis in 36 
patients, transient hemispheric ischemia in 25 pa- 
tients, and stroke with good functional recovery in 11 
patients. 
Twelve patients pent a total of 27 days in the 
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ICU. In four patients the decision was made to use 
prolonged invasive monitoring with pulmonary ar- 
tery catheters before or during surgery. These in- 
cluded one patient with unstable angina, two patients 
with severe congestive heart failure, and one patient 
who became hemodynamically unstable during op- 
eration. They were transferred tothe ICU after a brief 
period in the recovery room. Four patients were 
admitted to the ICU after a ó-hour stay in the 
rccovery room. Two of these patients had mild 
hypotension and oliguria after undergoing lower 
extremity revascularization. A third patient had pro- 
found bradycardia after a femoropopliteal bypass and 
was transfcrred to the ICU to receive parenteral 
isoproterenol. The fourth patient was admitted to the 
ICU after undergoing carotid endarterectomy be- 
cause ofrefractory hypertension necessitating a nitro- 
prusside infusion. These eight patients pent a total of 
9 days in the ICU. An additional four (2.6%) patients 
were transferred to the ICU after spending 30 to 72 
hours on the surgical floor. The first patient was 
transferred to the coronary care unit after having a 
subendocardial myocardial infarction 48 hours after 
operation. A second patient had an aspiration pneu- 
monia 72 hours after operation and was transferred to
the ICU for pulmonary toilet. A third patient re- 
quired ICU monitoring while receiving an infusion of 
urokinase, which was being used to treat a postopera- 
tive graft occlusion. The rinal patient requiring ICU 
monitoring had a bout ofpulmonary edema nd renal 
failure 30 hours after undergoing a femorotibial 
bypass graft. He spent a total of I 1 days in the ICU 
before dying of multisystem organ failure. A second 
patient who had undergone an uncomplicated femo- 
ropopliteal bypass died while convalescing athome 20 
days after hospital discharge. His death was presumed 
to be caused by a myocardial infarction. Thirty-day 
mortality for the series was 1.4%. 
Patients admitted to the ICU were more likely to 
have significant heart disease than those who were not 
(p = 0.02). The ICU was used with greater frequency 
by patients undcrgoing lower extremity revasculariza- 
tions than by those having cerebrovascular surgery 
(p = 0.04). The presence of hypertension, diabetes, 
renal disease, or advanced age did not correlate with 
the frequency of ICU use. Patients requiring ICU 
admission spent significanfly more time in the hospital 
than those who did not (p = 0.0003) (Table II). 
DISCUSSION 
In the last 25 years this country has seen a dramatic 
increase in the number of ICU beds. This ever- 
increasing demand has been fueled by the develop- 
Table I. 
No. of patients 
Procedure (n = 154) 
Carotid endarterectomy 72 
Femoropopliteal bypass 35 
Femorofibial bypass 20 
Femorofemoral bypass 1 
Axillobifemoral bypass 6 
Ileofemoral bypass 8 
Femoropopliteal embolectomy 5 
Femoral endarterectomy 4 
Carotid-subclavian bypass 1 
Repair of axillary artery aneurysm 1 
Hepatorenal bypass 1 
ment ofa number of new procedures and therapeutic 
interventions that require aggressive support and 
invasive monitoring available only in an ICU setting. 
However, these tmits use a large amount ofresources 
and account for 20% of hospital expenditures while 
composing only 6% of hospital beds. 2 In the past 
patients have been routinely cared for in the ICU after 
undergoing arterial reconstruction. Recent emphasis 
on cost-effectiveness and resource allocation has led 
to the questioning of this practicefi -la 
It had been our observation that few patients 
undergoing nonaortic arterial reconstruction re- 
quired active intervention or used the resources 
available in the ICU. We attempted to dctermine 
whether the close observation and monitoring that 
these patients require could be provided in a non-ICU 
setting. Others have attempted to determine in a 
retrospective fashion which patients could safely be 
cared for on the surgical floor after arterial reconstruc- 
tion with APACHE or Simplified Acute Physiology 
scores. 1'8'12'13 However, these have proved cumber- 
some and not totally applicable to this clinical situa- 
tion.l.7,8 In light ofthis finding we focused our efforts 
on developing a clinical pathway that would allow for 
the efficient use of resources without compromising 
clinical outcomes. By setting stringent guidelines for 
ICU admission, we were able to permit most patients 
to be cared for on the surgical floor while identifying 
those few patients who fell beyond the set paramcters 
and required more intensive resource use. We chose a 
ó-hour recovery room stay, because this appeared to 
be the period during which most early perioperative 
complications arose. Experience has shown that this 
observation period could possibly be decreased in 
selected stable patients. We believe that this pathway 
is one of the first to include not only patients 
undergoing cerebrovascular surgery but all patients 
having nonaortic arterial reconstruction. 
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Table II. 
Non-ICU ICU 
Category (n = 142) (n = 12) p 
Sex 0.76 
Female 59 4 
Male 83 8 
Age (yr) 71 + 8.7 74.4 + 8.0 0.20 
Hypertension 101 10 0.51 
Smoking 67 8 0.24 
COPD 7 1 0.49 
Renal 10 1 1.00 
Heart disease 45 8 0.02 
Diabetes 41 3 1.00 
Length of stay (days) 2.0 + 1.2 7.6 + 5.2 0.0003 
COPD, Chronic obstructive pulmonary disease. 
The development ofa successful chnical pathway 
requires the participation fthe medical staff, nursing 
personnel, and hospital administration. It is the re- 
sponsibility of the involved surgeons to develop the 
routines of standard postoperative care and to dehne 
the gtüdelines for ICU admission. Once the protocol 
is established, the nursing staff is called on to deter- 
mine the best methods of implementing the agreed- 
upon pathway. Addirional training ofrecovery room 
and floor nurses is an important adjunct and requires 
a combined effort of both the medical and nursing 
staff. This educational program can in most instances 
be provided by in-houe personnel. As an added 
benefit we have found that the involvcment of the 
nursing staffin the establishment ofa clinical pathway 
appears to increase their level of interest and enthu- 
siasm for patient care. The commitment of the hos- 
pital administration to improve resource allocation is
crucial to ensure that he agreed-upon changes will be 
implemented. In our institurion this included an 
agreement to increase the length of recovery room 
stay from 2 hours to 6 hours without an increase in 
hospital charges and the establishment of a vascular 
surgery unit within one of the surgical floors. It 
should be r/oted that this pathway was established 
without any additional requirements for personnel or 
capital equipment. The nursing care delivered on our 
vascular surgical unit is now equivalent to that found 
in many intermediate ICUs. We do not beheve that 
patients undergoing vascular surgery can be trans- 
ferred from the recovery room to a surgical floor until 
its nursing care has been upgraded to this level. 
Before this clinical pathway was created, it had 
been our practice to send all patients to the ICU for a 
minimum of 24 hours after nonaortic arterial recon- 
struction. In our hospital the basic charge for a bed in 
the ICU is $2045, whereas the charge for a monitored 
bed on the surgical floor is $1445. The room rate was 
further decreased to $745 after cardiac monitoring 
was discontinued. The institution of this protocol 
enablcd 92% of the patients in this study to avoid the 
use of the ICU at any time during their hospitalization 
and allowed the hospital to decrease ICU bed use in 
this group by a minimum of 127 days with a resultant 
decrease in charges of $76,200. Most intensive care 
resources and bed days were expended on the four 
patients with perioperative comphcations while on the 
surgical floor. Because each of these complications 
occurred more than 24 hours after operation, it is 
unhkely that they would have been avoided by the 
usual period of ICU observation. The 30-day mor- 
tality of 1.4% is comparable tothat reported by others 
and suggests hat clinical outcomes were not adversely 
affected by the adoption of this clinical pathway. 14-16 
Although patients with preexisting heart disease and 
those undergoing lower extremity revascularization 
were statistically more likely to use the ICU, we do not 
beheve that he presence of these factors alone should 
be used to exclude patients from this protocol. As 
nfight be expected, patients requiring ICU services 
spent considerably more time in the hospital than 
those who did not. 
We conclude that many patients undergoing 
nonaorric arterial reconstruction can be successfully 
treated without using the ICU. The creation and 
implementation fa clinical pathway may prove to be 
the best way ofaccomplishing this goal and appears to 
be less cumbersome than attempting totriage patients 
from the recovery room based on physiologic scoring 
methods. Adoption of a protocol similar to the one 
described in this study allows for optimal resource 
use without compromising clinical outcomes. These 
pathways can be adapted to most institutions with a 
moderate vascular surgery caseload. Initially, the for- 
marion of these protocols reqtUres an investment of 
time and effort by both the medical and nursing staff, 
but later these pathways become self-sustaining. The 
efficient use of the ICU will ultimately prove to be 
beneficial to patients and hospitals alike, because it 
will effectively match resources to patient need and 
help to ensure optimal clinical outcomes and cost- 
effective medical care. 
REFERENCES 
1. O'Brien MS, Ricotta JJ. Conserving resources after carotäd 
endarterectomy: selective use of the intensive care unit. J Vasc 
Surg 1991;14:796-802. 
2. Wagner Dl', Knaus WA, Draper EA, Zimmerman JE. Identi- 
fication of low risk monitor pafients within a medical-surgical 
intensive care unit. Med Care 1983;21:425-34. 
3. Nelson JB. The role of the intensive care unit in a community 
hospitah a ten year eview with observations onutilization past, 
present, and future. Arch Surg 1985;120:1233-6. 
JOURNAL OF VASCULAR SURGERY 
Volume 24, Number 2 Katz and Kohl 239 
4. Krupski WC, Layug EL, Reilly LM, Rapp JH, Mangano DT. 
Comparison of cardiac morbidity between aortic and infrain- 
guinal operations. J Vasc Surg 1992;15:354-65. 
5. Collier PE. Carotid endarterectomy: a safe cost effective 
approach. J Vasc Surg 1992;16:926-33. 
6. Collier PE. Are one day admissions for carotid endarterectomy 
feasible? Am J Surg 1995;170:140-3: 
7. Lipsett PA, Tierney S, Gordon TA, Perler BA. Carotid endar- 
terectomy: is the intensive care unit necessary? J Vasc Surg 
1994;20:403-10. 
8. Chandra M, Wagner WH, Shabot M. ICU care after infrain- 
guinal arterial surgery: an analysis ofindications and outcomes. 
Am Surg 1995;61:904-7. 
9. O'Brien MS, ltäcotta JJ. Post operative treatment ofpatients 
undergoing carotid endarterectomy. J Vasc Surg 1994;12:1- 5. 
10. Hoyle RM, Jenkins JM, Edwards WH Sr, Edwards WH Jr, 
Martin RD III, Mulherin IL. Case management i  cerebral 
revascularization. J Vasc Surg I994;20:396-402. 
I l .  Morasch MD, Hodgett D, Burke K, Baker WH. Selective use 
of the intensive care unit following carotid endarterectomy. 
&an Vasc Surg 1995;9:229-34. 
12. Knaus WA, Draper EA, Wagner DR Toward quality review in 
intensive care: the apache system. Q Rep Bull 1983;9:19ö- 
204. 
13. Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Law- 
rence BS. APACHE-Acute physiology and chronic health 
evaluauon: a physiologically based classification system. Crit 
Care Med 1981;4:591-7. 
14. Rivers SO, Scher LA, Sheehan E, Veith FJ. Epidural versus 
general anesthesia for infrainguinal rterial reconstruction. 
J Vasc Surg 1991;14:767-70. 
15. North American Symptomatic carofid endarterectomy trial 
collaborators. Beneficial effect of carofid endarterectomy in 
symptomatic patients with high-grade carotid stenosis. N Engl 
J Med 1991;325:445-53. 
lö. Shah DM, Darling RC III, Chang BB, Fitzgerald KM, Paty 
PSK, Leather KP. Long term results ofin-situ saphenous vein 
bypass. Ann Surg 1995;222:438-48. 
Submitted Nov. 20, 1995; accepted Jan. 18,199ö. 
